Introduction
============

Salivary glands are compound exocrine glands classified into parotid, submandibular, sublingual and minor salivary glands found throughout the oral cavity and oropharynx ([@B1]). Cytomorphological spectrum of salivary gland lesions ranges from non-neoplastic lesions to neoplastic benign and malignant lesions. Salivary gland neoplasms are relatively uncommon and represent 6% of all head and neck neoplasms ([@B1]).

FNAC is an accepted and useful diagnostic tool to evaluate salivary gland lesions ([@B2]). It is preferred over histopathological methods such as incisional or needle biopsy as they have a risk of increased infection and contamination of operative field with tumor cells ([@B3]). FNAC helps to decide whether the lesion is of salivary gland origin or from adjacent tissue, classifying them into non-neoplastic and neoplastic lesions and further classifying neoplastic lesions into benign and malignant. The diagnostic sensitivity ranges from 81% to 100%, specificity from 94% to 100% and the accuracy from 61% to 80% ([@B4]), which is mainly due to relative rarity of these lesions, low cellularity, heterogeneity, and overlapping cytomorphological features. Therefore, considering the limitations such as low sensitivity and high performance heterogeneity, it is important to report salivary gland FNAC on the basis of a risk based diagnostic classification scheme for effective clinical management of patients ([@B5],[@B6]). The American Society of Cytopathology and the International Academy of Cytology initiated a project to propose a classification scheme (the Milan system) to report salivary gland FNAC. This scheme included six categories: non-diagnostic, non-neoplastic, atypia of undetermined significance, neoplastica) benign or b) uncertain malignant potential, suspicious to malignancy, and malignant ([@B7]).

The current study presented cytomorphological features of 192 salivary gland lesions, their risk based stratification based on Milan system along with their cyto-histopathological correlation and determination of efficacy of FNAC.

Material and Methods
====================

The current study was conducted on 192 cases of salivary gland lesions in the Department of Pathology, IIMS&R, Lucknow (UP), retrospectively and prospectively for a period of three years from October 2014 to September 2017. The patients\` age ranged from 6 to 85 years. Detailed clinical history and results of local and general examination was noted in each case. Out of 192 cases, cyto-histopathological correlation was observed only in 62 cases.

**Inclusion criteria:**Salivary gland FNAC performed from October 2014 to September 2017.

**Exclusion criteria:**Mesenchymal, hematological, or metastatic lesions.

FNAC was performed using 10 mL disposable syringes and 23-G needles after taking informed consent from each patient. The gross appearance of aspirate was noted and aspirate was smeared on clean glass slides. FNA dried smears were stained with May-Grunwald-Giemsa staining technique and wet smears fixed in 95% ethanol were stained with haematoxylin and eosin (H&E) stain and Papanicolaou stain. All the biopsy specimens were fixed in 10% formalin and submitted for histopathological examination. H&E stain was done in all cases.

The slides were reviewed by two pathologists in a blinded fashion. Salivary gland lesions were first studied under three groups: non-neoplastic lesions, benign and malignant tumors. Cytohistopathological correlation was performed in all available cases. The histopathological diagnosis was considered as the gold standard to assess sensitivity, specificity, and diagnostic accuracy.

Further, for risk stratification (based on MSRSGC), cytological smears of 62 cases were revaluated and salivary gland lesions were classified under six groups (non-diagnostic, non-neoplastic, atypia of undetermined significance, neoplastic-benign or uncertain malignant potential (NUMP), suspicious to malignancy and malignant). On the basis of available histopathological diagnosis, the risk of malignancy was calculated for each of the groups.

**Statistical analysis**

Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and diagnostic accuracy was analysed with SPSS version 11.0. Risk of malignancy for each cytological category based on Milan system was calculated as the number of low-grade and high-grade malignant neoplasms divided by the total number of the cases in a given category. Likewise, the risk of high-grade malignancy was calculated as the number of high-grade malignancies diagnosed on the final histolopathologic examination divided by the total number of cases in a given category ([@B5]).

Results
=======

The current study analyzed 192 cases of salivary gland lesions in a period of three years from October 2014 to September 2017. The clinicopathological features on FNAC are shown in [Table 1](#T1){ref-type="table"}. The age range for all salivary gland lesions was 6 to 85 years and the mean age was 45.5 years. Overall male to female ratio was 0.9:1. Of the 192 cases, parotid gland was involved in 119 cases (61.98%), whereas submandibular and other salivary glands were involved in 63 (32.81%) and 10 (5.21%) cases, respectively. Out of 192 patients undergoing FNAC, seven cases were non-diagnostic/unsatisfactory. There were 107 (55.73%) non-neoplastic lesions and 78 (40.63%) neoplastic lesions. Of the 78 neoplastic lesions, 58 (74.36%) were benign and 20 (25.64%) were malignant. Chronic sialadenitis was the most common non-neoplastic lesion (58.88%) followed by 21 cases of cystic lesions (19.62%). Pleomorphic adenoma (65.53%) was the most common benign neoplasm followed by Warthin tumor (25.86%). Mucoepidermoid carcinoma (MEC) was the most common malignant neoplasm (55%). Adenoid cystic carcinoma (AdCC) accounted for 25% of malignant cases.

Histopathological correlation was available for 62 cases and was dissimilar to cytologic diagnosis in 13 cases ([Table 2](#T2){ref-type="table"}). In seven cases (two lymphoepithelial cyst, two Warthin tumor, two low-grade MEC and one salivary duct carcinoma), a cytologic diagnosis of cystic lesion was given and the final diagnosis was made based on histopathological examination. One case of acinic cell carcinoma with normal looking acinar cells was reported as sialadenosis on cytology. Two cases (one Warthin tumor and one non-Hodgkin lymphoma) were reported as chronic sialadenitis on cytology due to selective sampling of lymphoid cells. One case of pleomorphic adenoma was interpreted as basal cell adenoma due to lack of characteristic stroma. The discordant cases included two cases of AdCC and one case of polymorphous low-grade adenocarcinoma (PLGA) misdiagnosed as pleomorphic adenoma on cytology. One case of pleomorphic adenoma (PA) was misdiagnosed as AdCC on cytology due to lack of chondromyxoid stroma and presence of hyaline globules.

The false negative and false positive rates were 36.84% and 2.38%, respectively. Diagnostic sensitivity and specificity of FNAC for salivary gland lesions was 63.16% and 97.62%, respectively. The PPV was 92.31% and NPV was 85.42%. The diagnostic accuracy to differentiate between benign and malignant lesions was 86.88%.

The cases with follow-up histopathology were further sorted into the diagnostic categories as proposed by MSRSGC and the risk of malignancy was calculated ([Table 3](#T3){ref-type="table"}).

There were three cases (two Warthin tumors and one low-grade MEC) in nondiagnostic category. These cases had cystic contents and benign elements only. The risk of malignancy was 33.33% for this category. The non-neoplastic category included 15 cases with lack of any evidence of neoplastic activity. However, by histopathology one case was diagnosed as NHL and the others as salivary duct carcinoma. To calculate the risk of malignancy, lymphoma case was excluded. The risk of malignancy and high-grade malignancy was 7.14% for this category. In the atypical category cases diagnosis of neoplasm could not be excluded. It was a case of retention cyst diagnosed by histopathology as low-grade MEC. The risk of malignancy was 100% for this category.

Twenty-eight cases were in the benign category. This category included definite benign cases such as PA, lipoma, Warthin tumor, etc. However, two cases from this category were diagnosed as malignant on the follow-up histopathological examination. They were one case of AdCC and one case of acinic cell carcinoma reported as PA and oncocytoma, respectively, by cytology. The risk of malignancy and highgrade malignancy was 7.14% for this category. There was one case categorized as NUMP in which diagnosis of neoplasm was certain; however, malignancy could not be ruled out. The cytological diagnosis was cellular PA with a differential diagnosis of low-grade malignancy, which on histopathology turned out to be polymorphous low-grade adenocarcinoma (PLGA). The risk of malignancy was 100% for this category.

The cases in suspicious category included smears highly suggestive of a malignant lesion, but with suboptimal cellular morphology. The cases included in this group were reported as AdCC with artifactual changes. The histopathological examination diag-nosed it as AdCC. The risk of malignancy and highgrade malignancy was 100% for this category. There were 13 cases categorized as malignant neoplasm and one of these cases turned out to be PA in the followup histopathology. There was one case of PLGA, one salivary duct carcinoma, three AdCC, one acinic cell carcinoma, two low-grade MEC and four high-grade MEC. The risks of malignancy and high-grade malignancy were 92.30% and 69.23%, respectively, for this category.

![Pleomorphic adenoma a. Smear showing bland epithelial cells with plasmacytoid appearance and well defined cytoplasm in a myxoid background (400X, H&E); b. Tissue section of pleomorphic adenoma (100X, H&E)](ijp-13-220-g001){#F1}

![Warthin tumor a. Smear shows cohesive sheet of bland oncocytic cells in a background of lymphocytes (100X, H&E); b. Tissue section of Warthin tumor (100X, H&E).](ijp-13-220-g002){#F2}

![Mucoepidermoid carcinoma a. Smear showing cohesive cluster of atypical squamous cells and intermediate cell with cytoplasmic vacuolation (400X, H&E); b. Tissue section of mucoepidermoid carcinoma (100X, H&E)](ijp-13-220-g003){#F3}

![Adenoidcystic carcinoma a. Smear showing small uniform epithelial cells and hyaline stromal globules surrounded by cells (400X, MGG) b. Tissue section of adenoidcystic carcinoma (H&E, 100X)](ijp-13-220-g004){#F4}

###### 

Clinopathological Features of Salivary Glands Lesions

  **Characteristics**                      Total No.     **Percentage**
  ---------------------------------------- ------------- ----------------
  **Gender**                                             
  **Male**                                 91            47.40
  **Female**                               101           52.60
  **Site**                                               
  **Parotid gland**                        119           61.98
  **Submandibular gland**                  63            32.81
  **Other**                                10            5.21
  **Mean age, yr**                         45.5 (6-85)   
  **Cytological diagnosis**                              
  **1.Nondiagnostic/unsatisfactory**       7             3.64
  **2.Nonneoplastic**                      107           55.73
  **Cystic lesions**                       21            19.62
  **Sialadenosis**                         6             5.61
  **Chronic sialadenitis**                 63            58.88
  **Abscess**                              10            9.35
  **Chronic granulomatous inflammation**   7             6.54
  **3.Neoplastic**                         78            40.63
  **a) Benign**                            58            74.36
  **Pleomorphic adenoma**                  38            65.53
  **Warthin tumor**                        15            25.86
  **Basal cell adenoma**                   3             5.17
  **Oncocytoma**                           1             1.72
  **Myoepithelioma**                       1             1.72
  **b) Malignant**                         20            25.64
  **Mucoepidermoid carcinoma**             11            55
  **Acinic cell carcinoma**                1             5
  **Carcinoma ex pleomorphic adenoma**     1             5
  **Adenoid cystic carcinoma**             5             25
  **Salivary duct carcinoma**              1             5

###### 

Cytohistological Correlation in the Study Cases

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Cytological Diagnosis (N=192)**                                                                 **No of Cases on Histology (N=62)**
  ------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------
  **A. Non-neoplastic** Cystic lesions (21) Sialadenosis (6)Chronic sialadenitis (63)Abscess (10)   Mucocele (1), lymphoepithelial cyst (2), Warthin tumor (2), low-grade MEC (2), salivary duct carcinoma (1)\
                                                                                                    Sialadenosis (1), acinic cell carcinoma (1)\
                                                                                                    Chronic Sialadenitis (6), NHL (1), WT (1)\
                                                                                                    Abscess (2)

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

WT=Warthin tumor, PA= Pleomorphic adenoma, AdCC=Adenoid cystic carcinoma, PLGA=Polymorphous low-grade adenocarcinoma, NHL=Non-Hodgkin lymphoma, MEC=Mucoepidermoid carcinoma

###### 

Diagnosis Based on the Proposed Milan System and Risk-based Categorization

  -----------------------------------------------------------------------------------------------------------------------------------------------------------
  Variable                             ND        Non-neoplastic              Atypical   Benign    NUMP       Suspicious for Malignancy   Malignant
  ------------------------------------ --------- --------------------------- ---------- --------- ---------- --------------------------- --------------------
  Total no of cases in each category   3         15                          1          28        01         01                          13

  Histopathological Follow-up                                                                                                            

  Benign                               2 (WT)    13                                     26        0          0                           1 (PA)

  Malignant                            1 (MEC)   2                           1 (MEC)    2         1 (PLGA)   1 (AdCC)                    12

                                                 1 NHL                                  (1AdCC)                                          1 PLGA

                                                 1 salivary duct carcinoma              (1ACC)                                           1SDC

                                                                                                                                         3 AdCC\
                                                                                                                                         1ACC

                                                                                                                                         2MEC (low-grade)

                                                                                                                                         4 MEC (high-grade)

  Risk of malignancy                   33.33%    7.14%                       100%       7.14%     100%       100%                        92.30%

  Risk of high-grade malignancy        0%        7.14%                       0%         7.14%     0%         100%                        69.23%
  -----------------------------------------------------------------------------------------------------------------------------------------------------------

Discussion
==========

The role of FNAC to diagnose salivary gland lesions is well established as a safe, cost-efficient, minimally invasive procedure and an aid to the clinicians in the planning of management ([@B2],[@B8]). However, at many times it becomes a challenging job to diagnose precisely, mainly due to the resemblance to normal salivary gland elements, heterogeneous nature of salivary gland lesions, overlapping features between benign and malignant lesions, presence of cystic components, and oncocytic metaplasia ([@B9]).

In the current study on 192 FNAC specimens with salivary gland lesions, 74.36% were benign and 25.64% malignant. It was similar to previous reports (10, 11,12). According to the literature, the rate of false negative salivary gland FNAC results can range from 0%-37% (13). In the current study, false negative rate on cytology was 36.84%.

In the current study, there were seven false negative cases. There were two cases of low-grade MEC and one case of salivary duct carcinoma reported as cystic lesion on cytology. Review of cytology of these two cases of low-grade MEC revealed paucicellular smears showing scattered macrophages on a mucoid background. The main cause of false negative interpretation of MEC is that many of these tumors are predominantly cystic; there is dilution of smear by mucoid fluid, resemblance of mucus secreting foamy cells to histiocytes and bland looking intermediate cells ([@B14],[@B15]). The smears in case of salivary duct carcinoma revealed necrotic material only. Therefore, in case of cystic lesions, reaspiration of any residual mass may be helpful to reduce sampling errors ([@B11]). One case of acinic cell carcinoma was reported as sialadenosis on cytology. In this false negative case, smears showed normal looking acinar cells. The distinction between sialadenosis and acinic cell carcinoma may be difficult. However, unlike sialadenosis, normal tissues including adipose and ductal cells are not represented in smears of acinic cell carcinoma and cluster of cells are larger and more irregular. Two cases reported as PA on cytology were diagnosed as AdCC in histopathology. The smears showed focal fibromyxoid stroma and occasional hyaline stromal globules. Exact diagnosis of poorly differentiated AdCC may be difficult due to the absence of characteristic stromal matrix ([@B16]). This differentiation is important since the surgical management is different. One case of PLGA in cytopathology was reported as PA in cytology. In the current study, review of the cytological smear showed metachromatic stroma and bland looking cells. The cells of PA usually show plasmacytoid myoepithelial cells and do not form pseudopapillary or tubular structures typical of PLGA ([@B17]). Thus, the various causes for false negative results can be summed up as nonrepresentative samples, observational errors, presence of cystic material, complexity of cytological patterns with overlapping morphological features and bland cytological features leading to underassessment of low-grade malignant tumors.

The false positive rate is reported to be low and the rate ranges 0% to 10% in the literature ([@B8]). In the current study, false positive rate was 2.38% since it histopathologically confirmed one case of PA misdiagnosed as AdCC on cytology. The smears showed the presence of hyaline globules with occasional blending of epithelial cells. The false positive diagnoses could be due to lack of representative sample.

In the current study, diagnostic sensitivity and specificity of FNAC for salivary gland lesions were 63.16% and 97.62%, respectively, which was in agreement with the existing literature ([@B12]). The diagnostic accuracy to differentiate between benign and malignant lesions was 86.88%, which correlated with that of Tessy PJ et al. ([@B18]).

Therefore, considering the limitations such as low sensitivity and high false negative rate, it is important to report salivary gland FNAC on the basis of a riskbased diagnostic classification scheme to standardize interpretation of results and effective clinical management of patients. The current analysis risk-based stratification was performed on 61 lesions with histologic follow-up using the recommended MSRSGC (one case of lymphoma excluded as per exclusion criteria). The aim of Milan system is to provide a uniform classification system that assists in communication between the cytopathologists and surgeons, cytological, and histopathological correlation of cases, clinical decision making, and interobserver comparison of results ([@B7]). In the current study, the number of cases in each diagnostic category and the risk of malignancy (ROM) were as follows: nondiagnostic -- three cases (ROM; 33.33%), nonneoplastic -- 14 cases (ROM; 7.14%), atypical -- one case (ROM; 100%), benign -- 28 cases (ROM -- 7.14%), NUMP -- one case (ROM; 100%), suspicious one case (ROM; 100% ), and malignant -- 13 cases (ROM; 92.30%). In a similar study on 631 salivary gland aspirates by Rohilla M et al., the overall risk of malignancy for the unsatisfactory, nonneoplastic, atypical, benign neoplasm, NUMP, and positive for malignancy categories were 0%, 17.4%, 100%, 7.3%, 50%, and 96%, respectively (20). In another study by Wei S et al., based on the review of 29 studies comprising 4514 cases of salivary gland FNAC, the cumulative risk of malignancy of each diagnostic category was: nondiagnostic --25%, nonneoplastic --10.2%, benign --3.4%, NUMP --37.5% suspicious for malignancy --58.6% and malignant --91.9% ([@B6]) . Results of the current study were comparable to those of these studies.

The current study also calculated the risk of highgrade malignancy, which ranged from 7.14% for benign neoplasms to 69.23% for malignant neoplasms. This correlated with the existing literature ([@B12],[@B19]).

Conclusion
==========

In conclusion, the current study highlighted the utility of FNAC as a safe and effective modality in diagnosis and planning management of patients with salivary gland lesions despite its inherent limitations. A risk based stratification scheme as recommended by MSRSGC provides a standard method to analyse the results in cases showing overlapping morphological features and may be of utmost value in enhancing the diagnostic accuracy of salivary gland FNAC with promising impact on clinical management.
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